Purpose To evaluate the long-term efficacy and safety of infliximab as treatment for noninfectious posterior uveitis. Methods An open-label clinical trial including seven patients (12 eyes) with posterior uveitis refractory to conventional treatment regimens with corticosteroids and at least one immunosuppressive agent. Three intravenous doses of 5 mg/kg of infliximab were administered at weeks 0, 2, and 6. Infliximab infusion was repeated in patients undergoing a relapse of uveitis after initial remission. Improvement was defined as amelioration of visual acuity or disappearance of retinal exudates and/or haemorrhages, decreased macular oedema and/or vitreous opacities. All patients were followed up for at least 36 months.
Introduction
Noninfectious posterior uveitis belongs to a complex group of diseases in which there is an underlying immune system disorder. For years, the treatment of choice for this type of uveitis has been systemic immunosuppression with steroids or immunosuppressive agents such as cyclosporin A, azathioprine, methotrexate, cyclophosphamide, chlorambucil, or tacrolimus. However, in a large number of patients relapses occur despite aggressive treatment with these drugs, and this can lead to a significant, or even permanent, loss of vision.
The cytokine tumour necrosis factor a (TNFa) is known to actively participate in the pathogenesis of some types of uveitis. When TNFa is injected into the vitreous of rabbit eyes, it gives rise to an acute uveitis that rapidly progresses to the posterior segment. TNFa and IL-1b also seem responsible for the rapid infiltration of leukocytes and protein leakage observed in lipopolysaccharide-induced uveitis in the rabbit. [1] [2] [3] These and other findings have made TNFa a potential target for immunotherapy in this type of disease, and the administration of anti-TNFa monoclonal antibodies has been related to a significant improvement in uveitis in some experimental models. 4 In humans, anti-TNFa antibodies have proved useful for the treatment of panuveitis associated with Behçet's disease. 5 The chimaeric anti-TNFa monoclonal antibody infliximab (Remicade, ScheringPlough BV, Maarsen, The Netherlands) is currently used in the treatment of autoimmune diseases such as rheumatoid arthritis, 6 Crohn's disease, 7 or ankylosing spondylitis. 8 Moreover, its use for the short-term treatment of refractory posterior uveitis has been recently reported. We transfer all copyright ownership to the Royal College of Ophthalmologists in the event this paper is published. None of the authors has a financial interest in any product mentioned. The present prospective study, performed on a cohort of patients subjected to long-term follow-up, was designed to assess the efficiency and safety of infliximab in the treatment of this type of uveitis.
Methods
The study population was comprised of seven consecutive patients with severe, noninfectious chronic posterior uveitis resistant to the usual immunosuppressive treatment. All patients had been treated for at least 1 year with systemic steroids coadministered with one or several conventional immunosuppressants. To be enrolled in this study, the patients were required to have undergone recurrence of the disease despite maximum tolerated immunosuppressant doses or to have shown signs of systemic toxicity in response to therapy.
Informed written consent to participate in our study, which was approved by our institution's Ethics and Clinical Trials Committee, was obtained from each patient. A negative pregnancy test and acceptable form of birth control were additional requirements for female patients. Chest X-rays were taken and patients were investigated for positive tuberculin test.
Treatment was administered on a compassionate-use basis. The first infusions were administered in October of 2000. All immunosuppressive agents were discontinued 1 month before treatment initiation. The dose of prednisone was then adjusted to 0.5 mg/kg/day in every patient. After a wash-out period of 1 month, all patients were treated with three intravenous infusions of 5 mg/kg infliximab at weeks 0, 2, and 6. The prednisone dose was reduced every week by 5 mg if there was no evidence of posterior pole inflammation. Infliximab infusion was repeated in patients undergoing a relapse of uveitis after the initial remission.
All patients were evaluated by two independent ophthalmologists from baseline to the end of follow-up (36 months). Clinical visits included a complete ophthalmologic examination (best-corrected visual acuity using the standardized Snellen chart, slit-lamp examination, applanation tonometry, and ophthalmoscopy) and clinical assessments were performed at baseline and week 1, and at months 1, 4, 6, 12, 24, and 36. Fluorescein angiograms (FAG) were performed at baseline and at months 1, 4, 12, 24, and 36.
The primary outcome measure was improved uveitis. An improvement in the disease was defined as increased best-corrected visual acuity or an objective, significant improvement in posterior uveitis in terms of cessation of retinal exudates and/or haemorrhages, and reduced macular oedema and/or vitreous opacities (Nussenblatt scale 10 ).
Results
In all, 12 eyes of seven patients were included in the study. Table 1 shows the general characteristics of patients and prior immunosuppressive therapy.
Five patients diagnosed with Behçet's disease had predominant retinal vasculitis and vitritis; one patient had sarcoidosis (diagnosed by skin biopsy confirmation, noncaseating granuloma), also with predominant retinal vasculitis and vitreous haze, and the remaining patient had idiopathic multifocal choroiditis with predominant chorioretinitis. Before enrolment in the study, all the patients had been treated with immunosuppressive drugs for a period of time ranging from 16 to 97 months. Following the three initial infliximab infusions, uveitis was markedly improved in six of the seven patients (Figures 1 and 2 ). Patient 7, diagnosed with idiopathic multifocal choroiditis showed no response to treatment, and was withdrawn from the study and treatment discontinued. The remaining patients showed significantly improved visual acuity and vitreous haze after the first three doses. No changes were observed as for the dissipation of haemorrhages. Since this initial remission in the six patients, five have suffered episodes of exacerbated uveitis during the 3 years of treatment requiring additional infliximab injections ( Table 2) .
As a result of frequent relapses in Patient 4, after the eighth infusion, it was decided to administer the drug every 8 weeks in accordance with the treatment regimen normally used in the management of rheumatoid arthritis. This patient remained asymptomatic until the end of follow-up.
At the end of the 3 years of follow-up, three out of the 10 eyes remaining in the study showed improved visual acuity, six remained the same, and only one eye lost one line of vision (Table 3) .
Vitreous haze was improved with respect to pretreatment haze. During follow-up, no patient suffered worsening of extraocular symptoms or adverse effects related to treatment.
At the end of the patient's follow-up, none of them were being treated with additional doses of steroids or immunosuppressants.
Discussion
Posterior uveitis is often the consequence of an array of systemic diseases, many of which are of an autoimmune origin. Steroids, or immunosuppressants such as cyclosporin A, azathioprine, or methotrexate, have proved useful in the management of this disease. Despite adequate treatment, however, many patients with posterior uveitis experience relapses related to significant morbidity, including an irreversible loss of visual acuity in a high proportion of these patients.
Infliximab is a monoclonal antibody of proven efficacy in the treatment of some autoimmune diseases. Recently, its use for the treatment of the eye pathologies associated with these diseases has also been reported. 11 Sfikakis et al 5 assessed the short-term efficacy of infliximab for the treatment of sight-threatening panuveitis in Behçet's disease, treating five patients with a single dose. Inflammation was resolved in all five patients earlier than 1 week after the injection of the drug. Joseph et al 9 also demonstrated the efficiency of infliximab in five patients with posterior uveitis (three with Behçet's and two with idiopathic disease) during 6 months of follow-up using a treatment regimen consisting of three 5 mg/kg doses given on day 0, and then at weeks 2 and 6.
Herein, we used this treatment regimen in a group of patients with posterior uveitis resistant to conventional immunosuppressive treatment. The follow-up period to which these patients have been subjected is currently 3 years, confirming the efficacy and safety of long-term infliximab treatment.
Six out of seven patients showed a good initial response to treatment, their clinical symptoms and visual acuity improving. Since treatment, five patients have needed further doses to control worsening of ocular symptoms. The drug adequately preserved the vision of these patients. Only one of the eyes included in our study had lost one line of vision by the end of follow-up. We thought that none of the improvements in VA were related with long-standing macular oedema in those eyes with lower visual acuities. However, a significant improvement both in fluorescein angiography and vitreous haze was observed in all subjects, what justifies the slight improvement in visual acuity observed in some of the studied eyes. Unlike the case in other published studies, immunosuppressive treatment was discontinued in all the patients 1 month before the start of treatment, requiring the use of steroids at anti-inflammatory doses, which were subsequently tapered during the course of follow-up. This enabled us to evaluate the safety of the drug, precluding the possibility of undesirable effects attributable to adjuvant immunosuppressive treatment.
Treatment with infliximab has been related to severe, albeit infrequent, detrimental side-effects occurring both at the local and systemic level. Reported ocular complications include isolated cases of bilateral anterior optic neuropathy, 12 retrobulbar optic neuritis, 13 and infection of the eyelids by molluscum contagiosum.
14 At the systemic level, infliximab treatment has been associated with opportunistic infections (tuberculosis, 9, 15 ), and skin disorders including neoplasias.
20
During 3 years of follow-up, we observed no local or systemic secondary effects associated with infliximab treatment, and patients complained of no further extraocular symptoms in the context of their disease. On the contrary, in the patient with sarcoidosis, subcutaneous granulomas in the face and throat notably improved, in accordance with reports by other authors. 21 In summary, our findings indicate that the monoclonal antibody infliximab is safe and efficient for the long-term 
